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(57) Abstract: A vehicle, particularly a VTOL air vehicle, in- 
cludes a duct carried by the vehicle frame with the longitudinal 
axis of the duct perpendicular to the longitudinal axis of the vehi- 
cle frame; a propeller rotatably mounted within the duct about the 
longitudinal axis of the duct to force an ambient fluid therethrough 
from its inlet at the upper end of the duct through its exit at the 
lower end of the duct, and thereby to produce an upward lift force 
applied to the vehicle, and a plurality of spaced vanes mounted to 
and across the inlet and exit ends of the duct about axes substan- 
tially perpendicular to the longitudinal axis of the duct and selec- 
tively operational to produce a desired horizontal control force in 
addition to the lift force applied to the vehicle. 
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FIELD AND BACKGROUND OF THE INVENTION 
[0001] The present invention relates to ducted fan vehicles, and particularly to such 
5 vehicles useful as VTOL (Vertical Take-Off and Landing) aircraft. 

[0002] Many different types of VTOL aircraft have been proposed where the weight of 
the vehicle in hover is carried directly by rotors or propellers, with the axis of rotation 
perpendicular to the ground. One well known vehicle of this type is the conventional 
helicopter which includes a large rotor mounted above the vehicle fuselage. Other types of 

10 vehicles rely on propellers that are installed inside circular cavities, shrouds, ducts or other 
types of nacelle, where the propeller or rotor is not exposed, and where the flow of air takes 
place inside the circular duct. Most ducts have uniform cross-sections with the exit area 
(usually at the bottom of the duct when the vehicle is hovering) being similar to that of the 
inlet area (at the top of the duct). Some ducts, however, are slightly divergent, having an 

15 exit area that is larger than the inlet area, as this was found to increase efficiency and 
reduce the power required per unit of lift for a given inlet diameter. Some ducts have a 
wide inlet lip in order to augment the thrust obtained, especially in hover. 
[0003] VTOL vehicles are usually more challenging than fixed wing aircraft in terms 
of stability and control. The main difficulty rises from the fact that, contrary to fixed wing 

20 aircraft which accelerate on the ground until enough airspeed is achieved on their flight 
surfaces, VTOL vehicles hover with sometimes zero forward airspeed. For these vehicles, 
the control relies on utilizing the rotors or propellers themselves, or the flow of air that they 
produce to create control forces and moments and forces around the vehicle's center of 
gravity (CG). 

25 [0004] One method, which is very common in helicopters, is to mechanically change, 
by command from the pilot, the pitch of the rotating rotor blades both collectively and 
cyclically, and to modify the main thrust as well as moments and/or inclination of the 
propeller's thrust line that the propeller or rotor exerts on the vehicle. Some VTOL vehicles 
using ducted or other propellers that are mounted inside the vehicle also employ this 

30 method of control. Some designers choose to change only the angle of all the blades using 
ducted or other propellers that are mounted inside the vehicle for this method of control. 
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The angle of all the blades may be changed simultaneously (termed collective control) to 
avoid the added complexity of changing the angle of each blade individually (termed cyclic 
control). On vehicles using multiple fans which are relatively far from the CG, different 
collective control settings can be used on each fan to produce the desired control moments. 
5 [0005] The disadvantage of using collective controls, and especially cyclic controls, 
lies in their added complexity, weight and cost. Therefore, a simple thrust unit that is also 
able to generate moments and side forces, while still retaining a simple rotor not needing 
cyclic blade pitch angle changes, has an advantage over the more complex solution. The 
main problem is usually the creation of rotational moments of sufficient magnitude 

1 0 required for control . 

[0006] One traditional way of creating moments on ducted fans is to mount a discrete 
number of vanes at or slightly below the exit section of the duct. These vanes, which are 
immersed in the flow exiting the duct, can be deflected to create a side force. Since the 
vehicle's center of gravity is in most cases at a distance above these vanes, the side force on 

1 5 the vanes also creates a moment around the vehicle's CG. 

[0007] However, one problem associated with vanes mounted at the exit of the duct in 
the usual arrangement as described above, is that even if these are able to create some 
moment in the desired direction, they cannot do so without creating at the same time a 
significant side force that has an unwanted secondary effect on the vehicle. For such vanes 

20 mounted below the vehicle's CG (which is the predominant case in practical VTOL 
vehicles), these side forces cause the vehicle to accelerate in directions which are usually 
counter-productive to the result desired through the generation of the moments by the same 
vanes, thereby limiting their usefulness on such vehicles. 

[0008] The Chrysler VZ-6 VTOL flying car uses vanes on the exit side of the duct, 
25 together with a small number of very large wings mounted outside and above the duct inlet 
area. 

[0009] However, in the VZ-6, the single wing and the discrete vanes were used solely 
for the purpose of creating a steady, constant forward propulsive force, and not for creating 
varying control moments as part of the stability and control system of the vehicle. The 
30 Hornet unmanned vehicle developed by AD&D, also experimented with using either a 
single, movable large wing mounted outside and above the inlet, or, alternatively using a 
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small number of vanes close to the inlet side. However these were fixed in angle and could 
not be moved in flight. 

[0010] Another case that is sometimes seen is that of vanes installed radially from the 
center of the duct outwards, for the purpose of creating yawing moments (around the 
propeller's axis). 

[0011] The vehicle described by Bucher (US Patent 5,064,143) has tangential blades 
only at the exit end of the duct 

[0012] The vehicle described by Crane (US Patent 2,880,945) has annular openings 
with plurality of vanes which are either open to allow airflow in vertical flight or closed to 
facilitate deliberate blockage of the flow in horizontal flight 

SUMMARY OF THE INVENTION 
[0013] In one aspect of the present invention a vehicle is provided with a ducted fan 
propulsion system which also produces rotary moments and side forces for control 
purposes, as well as means to influence air outflow from the duct improving the flight and 
hover performance of the ducted fan close and far from the ground Another aspect of the 
invention is to provide a vehicle of the foregoing type particularly useful for VTOL 
aircraft. 

[0014] According to an exemplary embodiment, there is provided a vehicle, 
comprising: a vehicle frame; a duct carried by the vehicle frame with the longitudinal axis 
of the duct perpendicular to the longitudinal axis of the vehicle frame; a propeller rotatably 
mounted within the duct about the longitudinal axis of the duct to force an ambient fluid 
therethrough from its inlet at the upper end of the duct through its exit at the lower end of 
the duct, and thereby to produce an upward lift force applied to the vehicle; and a plurality 
of spaced vanes mounted to and across the inlet end of the duct about pivotal axes 
perpendicular to the longitudinal axis of the duct and selectively operational to produce a 
desired horizontal control force in addition to the lift force applied to the vehicle. 
[0015] It has been found that such a vehicle equipped with a plurality of such vanes 
mounted across the inlet of the duct (as distinguished from the exit end of the duct) can 
indeed produce a combination of side forces with rotational moment that is favorable to the 
normal control of the vehicle. It has also been found that such vanes across the inlet end of 
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the duct, particularly when combined with a second plurality of vanes across the outlet end 
of the duct, can produce desired forward, aft, left and right translation movements, as well 
as yaw, pitch and roll rotary movement of the vehicle. It has also been found that the vanes 
across the outlet end of the duct, if selectively rotatable to align substantially with the 
5 transverse outflow stream lines, can prevent separation of the flow on said vanes and retain 
the control effectiveness of the vanes near ground. 

[0016] hi some described embodiments, the vanes are substantially parallel to the 
longitudinal axis of the vehicle frame. In other described embodiments, the vanes are 
arranged in "pie slice" segments of the duct, where the vanes in each slice span the slice 

10 from edge to edge, preferably being substantially perpendicular to the bisecting radius of 
the segment. In this arrangement, when the vanes at the exit of the duct are deflected 
outwards from the center of the duct, they affect spreading out and diffusion of the flow as 
it exits the duct, increasing the pressure acting on the bottom of the duct and thereby 
enhancing the lift performance of the rotors. 

15 [0017] Another embodiment is described wherein the vanes include a first group of 
parallel vanes extending across one half of the inlet of the duct and pivotal about axes at a 
predetermined acute angle with respect to the longitudinal axis of the vehicle frame; and a 
second group of parallel vanes extending across the remaining half of the inlet end of the 
duct and pivotal about axes at the predetermined angle, but in the opposite direction, with 

20 respect to the longitudinal axis of the vehicle frame; the first and second groups of vanes 
being selectively operational to produce a desired net control force in addition to the lift 
force applied to the vehicle. 

[0018] According to further features in the described embodiments, the vanes have a 
symmetrical airfoil shape, or alternatively a slightly non-symmetrical airfoil shape, and are 
25 spaced from each other a distance substantially in the range of between 50% and 100% of 
the chord length of the vanes. 

[0019] In one described embodiment, each of the vanes is pivotally mounted as a unit 
for its complete length to produce a desired side force component. In a second described 
embodiment, each of the vanes is split into two halves, each half of all the vanes being 
30 separately pivotal from the other half of all the vanes, whereby the component force to the 
lift force applied to the vehicle is a rotary moment force about the duct longitudinal axis. 
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[0020] Other embodiments are described wherein, in one case, each of the vanes is 
pivotally mounted about an axis passing through the vane, and in another case, each of the 
vanes includes a fixed section and a pivotal section pivotally mounted at the trailing side of 
the fixed section. 

5 [0021] According to further features in some described embodiments, the duct 
includes a second plurality of parallel, spaced vanes pivotally mounted to and across the 
inlet end of the duct about pivotal axes perpendicular to the pivotal axes of the first- 
mentioned plurality of vanes and perpendicular to the longitudinal axis of the duct. 
[0022] In one described embodiment, the pivotal axes of the second plurality of vanes 

10 are in a plane vertically spaced from the pivotal axes of the first-mentioned plurality of 
vanes; whereas in a second described embodiment, the pivotal axes of the second plurality 
of vanes are in a common plane with that of the pivotal axes of the first-mentioned 
plurality of vanes. With respect to the latter embodiment, it may be desirable to have a 
slight shift in the two planes in order to offset the pivotal mounting of the vanes, but in 

1 5 such case, the shift would be relatively small, e.g., less than one chord length. 

[0023] Another embodiment is described wherein the duct includes a second plurality 
of spaced vanes pivotally mounted to and across the exit end of the duct about pivotal axes 
perpendicular to the longitudinal axis of the duct and selectively pivotal about their axes to 
produce another desired side control force or rotary moment control force, in addition to 

20 the lift force applied to the vehicle, or other vanes configurations at the exit end of the duct 
similar to those described for the inlet side. 

[0024] Another embodiment is described wherein the duct includes vanes that are not 
pivotally mounted, but employ other aerodynamic means such as air suction or blowing 
through orifices on the surface of the vanes or piezoelectric actuators or other fluidic 
25 control means to induce steady or periodic pressure field changes to the flow around the 
vanes, all with the purpose of producing desired side control force or rotary moment 
control force, in addition to the lift force applied to the vehicle 

[0025] Since the foregoing features of the invention are especially useful with respect 
to VTOL aircraft vehicles, the invention is described below particularly with respect to 
30 such vehicles, but it will be appreciated that the invention, or various features thereof, 
could also be advantageously used in other vehicles, such as sea vehicles. 
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[0026] Further features and advantages of the invention will be apparent from the 
description below. 

[0027] While the invention has been described above particularly with respect to 
pivotally mounted vanes it will be appreciated that the invention or various aspects of the 
invention as described can also be advantageously used when described with non pivotal 
vanes. 

[0028] Such non pivotal vanes may employ aerodynamic means other than rotation to 
modify the pressure field around the vanes for creating a side force, such as air suction or 
blowing through orifices on the surface of the vanes or piezoelectric actuators or other 
fluidic control means to induce steady or periodic pressure field changes to the flow around 
the vanes, all with the purpose of producing desired side control force or rotary moment 
control force, in addition to the lift force applied to the vehicle 

[0029] Therefore, according to another aspect of the present invention, there is 
provided a vehicle, comprising: a vehicle frame; a duct carried by the vehicle frame with 
the longitudinal axis of the duct perpendicular to the longitudinal axis of the vehicle frame; 
a propeller rotatably mounted within the duct about the longitudinal axis of the duct to 
force an ambient fluid through from its inlet at the upper end of the duct through its exit at 
the lower end of the duct, and thereby to produce an upward lift force applied to the 
vehicle; and a plurality of parallel spaced vanes of either airfoil cross section or elliptical 
cross section, or any other shape as required to facilitate vane operation, that are non- 
pivotally mounted to and across the inlet end of the duct about and substantially parallel to 
said longitudinal axis of the vehicle frame, said vanes being operative to have means of 
affecting said ambient fluid through either air suction or blowing through orifices on the 
surface of the vanes or piezoelectric actuators or other fluidic control means to induce 
steady or periodic pressure field changes to the flow around the vanes, all with the purpose 
of producing desired side control force or rotary moment control force, in addition to the 
lift force applied to the vehicle 

[0030] Such a vehicle equipped with a plurality of such non-pivotal vanes mounted 
across the inlet of the duct (as distinguished from the exit end of the duct) can indeed 
produce a combination of side forces with rotational moment that is favorable to the 
normal control of the vehicle. It has also been found that side-force producing vanes across 
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the inlet end of the duct, particularly when combined with a second plurality of vanes 
across the outlet end of the duct, can produce desired forward, aft, left and right translation 
movements, as well as yaw, pitch and roll rotary movement of the vehicle. 
[0031] All the various different embodiments of the invention described herein with 
5 pivotal or partially pivotal vanes can be advantageously used when the pivotal vanes are 
replaced by non-pivotal ones with operation as described above. 

[0032] While the invention has been described above particularly with respect to either 
pivotally or non-pivotally mounted vanes it will be appreciated that the invention or 
various aspects of the invention as described can also be advantageously used when 
10 described with combination of such pivotal and non pivotal vanes whereas each type of 
vanes is used according to its advantage such as control power output endurance or 
contingency in case of failure. 

[0033] According to further features in some described embodiments the vanes are 
twisted along their longitudinal axis to better adjust their plane of symmetry to the local 
1 5 variations in the incoming flow into the duct. 

[0034] According to further features in some described embodiments, the vanes, in 
addition to their rotation for control purposes, are rotated to align themselves with the local 
flow angularity to avoid separation of the flow on the vanes. 

[0035] According to further features in some described embodiments, the vanes, in 
20 addition to their rotation for control purposes, are rotated to also to concentrically affect the 
contraction or expansion of the wake of the flow downstream of the duct. According to 
further features in some described embodiments, fluidic control means such as air suction 
or blowing through orifices or piezoelectric actuators or other fluidic control means to 
induce steady or periodic pressure field changes to the flow around the vanes, are added to 
25 or incorporated into the inner surface of the duct, in the vicinity of the vanes all with the 
purpose of affecting the flow field in the vicinity of the duct wall and adjacent vanes, to 
straighten or improve the flow around the vanes, or for avoiding separation of the flow 
from the duct wall and between the vanes and said duct wall. 

[0036] According to another aspect of the invention, there is provided a method of 
30 improving aerodynamic flow through a ducted fan of a VTOL vehicle when the VTOL 
vehicle is in proximity to the ground, the ducted fan comprising an open-ended duct, 
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having an inlet end and an outlet end; a propeller mounted within the duct between the inlet 
and outlet ends; and a first plurality of vanes extending across the inlet end of the duct; the 
method comprising: (a) adding a second plurality of vanes across the outlet end of the 
duct, the second plurality of vanes being pivotally adjustable about axes parallel to 
5 longitudinal axes of the second plurality of vanes; and (b) pivotally adjusting at least some 
of the second plurality of vanes to substantially match angularity of flow exiting the duct 
caused by the flow impinging on the ground. 

[0037] In another aspect, there is provided a method of improving aerodynamic flow 
through a ducted fan of a VTOL vehicle when the VTOL vehicle is in proximity to the 

10 ground, the ducted fan comprising an open-ended duct, having an inlet end and an outlet 
end; a propeller mounted within the duct between the inlet and outlet ends and a first 
plurality of vanes extending across the inlet end of the duct; the method comprising: 
[003 8] (a) adding a second plurality of vanes across the outlet end of the duct; and 
[0039] (b) providing means for adjusting flow along said second plurality of vanes to 

1 5 substantially match angularity of flow exiting the duct caused by the flow impinging on the 
ground 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0040] The invention is herein described, by way of example only, with reference to 
the accompanying drawings, wherein: 
20 [0041] Fig. 1 illustrates one form of VTOL aircraft vehicle constructed in accordance 
with present invention; 

[0042] Fig. 2 illustrates only one of the ducted fans in the aircraft of Fig. 1 ; 
[0043] Fig. 3 is a sectional view along line HI — HI of Fig. 2; 

[0044] Fig. 4 is a diagram illustrating the positioning of the vanes of Fig. 3 in one 
25 direction to produce a lateral force in one direction. 

[0045] Fig. 5 is a diagram illustrating the positioning of the vanes of Fig. 3 to produce 
a lateral force in the opposite direction. 

[0046] Fig, 6 illustrates a modification in the construction of the vanes wherein each of 
the vanes is split into two halves, each half of all the vanes being separately pivotal from 
30 the other half of all the vanes to produce a rotary moment force about the duct longitudinal 

axis; 
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[0047] Fig. 7 is a diagram illustrating the construction of one of the vanes and the 
manner for pivoting it; 

[0048] Fig. 8 illustrates an alternative construction of one of the vanes and the manner 
for pivoting it; 

5 [0049] Fig. 9 illustrates one arrangement that may be used for providing two cascades 
or assemblies of vanes at the inlet end of the duct of Fig. 9; 

[0050] Fig. 10 illustrates another arrangement that may be used for providing two 
cascades or assemblies of vanes at the inlet end of the duct; 

[0051] Fig. 11 illustrates a VTOL aircraft vehicle including a single ducted fan for 
1 0 propulsion and control purposes; 

[0052] Fig. 12 is a view similar to that of Fig. 3 but illustrating the provision of a 
cascade or plurality of vanes also at the exit end of the duct; 

[0053] Figs. 13a-13d illustrate various pivotal positions of the two cascades of vanes 
in the ducted fan of Fig. 12, and the forces produced by each such positioning of the vanes; 
15 [0054] Fig. 14 is a top view diagrammatically illustrating another construction wherein 
the vanes extending across the inlet of the duct are divided into two groups together 
producing the desired net horizontal control force; 

[0055] Figs. 15a and 15b diagrammatically illustrate the manner in which the desired 
net horizontal control force is produced by the vanes of Fig. 14; and 

20 [0056] Fig. 16 is a view corresponding to that of Fig. 14 but illustrating a variation in 
the vane arrangement for producing the desired net horizontal control force. 
[0057] Fig. 17 is a view similar to that of Fig. 12 but illustrating the provision of a 
cascade or plurality of non-pivotal vanes at the inlet and exit of the duct 
[0058] Fig. 18a-d illustrate forces produced by various operation of the two cascades 

25 of non-pivotal vanes in the ducted fan of Fig. 17 which are similar to the forces produced 
by the pivotally mounted vanes as shown in Fig. 13a-13d. 

[0059] Fig. 19 is an enlarged detail A of Fig. 17 which illustrates a schematic 
uninterrupted fluid flow when vanes are non operative. 

[0060] Fig. 20 is an enlarged detail A of Fig. 17 which illustrates a schematic fluid 
30 flow when vanes are operative to produce forces as shown in the upper vanes of Fig. 18 a 
and b. 
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[0061] Fig. 21 illustrates schematic fluid flow in a cross section of vanes twisted along 
their longitudinal axis to adjust their plane of symmetry to the local variations in the 
incoming flow into the duct. 

[0062] Figs. 22a-22c illustrate the schematic flows in cross sections of ducts which are 
far from the ground or in its vicinity. 

[0063] Figs, 23a and 23b illustrate the pluralities of vanes arranged in "pie slice" 
segments of the duct, where the vanes in each slice span the slice from edge to edge. 

DETAILED DESCRIPTION OF THE INVENTION 
[0064] The vehicle illustrated in Fig. 1, and therein generally designated 2, is a VTOL 
aircraft including a frame or fuselage 3 carrying a ducted fan propulsion unit 4 at the front, 
and another similar propulsion unit 5 at the rear. The vehicle payload is shown at 6 and 7, 
respectively, on opposite sides of the fuselage, and the landing gear as shown at 8. 
[0065] Figs. 2 and 3 more particularly illustrate the structure of propulsion unit 4, 
which is the same as propulsion unit 5. Such a propulsion unit includes a duct 10 carried by 
the fuselage 3 with the vertical axis 10a of the duct parallel to the vertical axis of the 
vehicle. Propeller 11 is rotatably mounted within the duct 10 about the longitudinal axis 
10a of the duct Nose 12 of the propeller faces upwardly, so that the upper end 13 of the 
duct constitutes the air inlet end, and the lower end 14 of the duct constitutes the exit end. 
As shown particularly in Fig. 3, the upper air inlet end 13 is formed with a funnel-shaped 
mouth to produce a smooth inflow of air into the duct 10, which air is discharged at high 
velocity through the exit end 14 of the duct for creating an upward lift force. 
[0066] To provide directional control, the duct 10 is provided with a plurality of 
parallel, spaced vanes 15 pivotally mounted to, and across, the inlet end 13 of the duct. 
Each of the vanes 15 is pivotal about an axis 16 perpendicular to the longitudinal axis 10a 
of the duct 10 and substantially parallel to the longitudinal axis of the vehicle frame 2, to 
produce a desired horizontal control force in addition to the lift force applied to the vehicle 
by the movement of air produced by the propeller 11. Thus, as shown in Fig. 4, if the vanes 
15 are pivoted in one direction about their respective axes, they produce a desired control 
force in the direction of the arrow Fl in Fig. 4; and if they are pivoted in the opposite 
direction, they produce a desired control force in the direction of the arrow F2 in Fig. 5. As 
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shown in Fig. 3 (also Figs. 7, 8, 12), the vanes 15 are of a symmetric airfoil shape and are 
spaced from each other a distance approximately equal to the chord length of the vanes, 
[0067] Fig. 6 illustrates a variation wherein each of the vanes 15, instead of being 
pivotally mounted as a unit for its complete length to produce the desired side control force 
5 is split into two half-sections, as shown at 15a and 15b in Fig. 6, with each half-section 
separately pivotal from the other half-section. Thus, all the half-sections 15a may be 
pivoted as a unit in one direction as shown by arrow Dl, and all the half-sections 15b 
maybe pivoted in the opposite direction as shown by arrow D2, to thereby produce any 
desired side force or rotary moment in addition to the lift force applied to the vehicle by the 
10 propeller, 

[0068] As shown in Fig. 7, each of the vanes 15 is pivotally mounted about axis 16 
passing through a mid portion of the vane. Fig. 8 illustrates a modification wherein each 
vane includes a fixed section 17, which constitutes the main part of the vane, and a pivotal 
section or flap 18 pivotally mounted at 19 to the trailing side of the fixed section. It will 
15 thus be seen that the pivotal section or flap 18 may be pivoted to any desired position in 
order to produce the desired control force in addition to the lift. 

[0069] Fig. 9 illustrates a variation wherein the ducted fan (4 and/or 5, Fig. 1) includes 
a second plurality or cascade of parallel, spaced vanes, one of which is shown at 20, 
pivotally mounted to and across the inlet end 13 of the duct 10. Thus, each of the vanes 20 
20 of the second plurality is closely spaced to the vanes 15 and is pivotal about an axis 
perpendicular to the pivotal axis of the vanes 15, as well as to the longitudinal axis 10a of 
the duct 

[0070] In the variation illustrated in Fig. 9, the two cascades of vanes 15, 20, are 
arranged in parallel, spaced planes. Fig, 10 illustrates a variation wherein the two cascades 
25 of vanes at the inlet end of the duct are intermeshed. For this purpose, each of the vanes 21 
of the second plurality would be interrupted so as to accommodate the crossing vanes 15 of 
the first plurality, as shown in Fig. 10. Another possible arrangement would be to have the 
vanes of both cascades interrupted for purposes of intermeshing. 

[0071] Fig. 11 illustrates a VTOL aircraft vehicle, therein generally designated 22, 
30 including a single ducted fan 24 carried centrally of its fuselage 23. Such a vehicle could 
include the arrangement of vanes illustrated in either Fig. 9 or in Fig 10 to provide the 
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desired control forces and moments in addition to the lift forces. In such a vehicle, the 
payload may be on opposite sides of the central ducted fan 24, as shown at 25 and 26 in 
Fig. 11. The vehicle may also include other aerodynamic surfaces, such as rudders 27, 28 to 
provide steering and other controls. 
5 [0072] Fig. 12 illustrates a further embodiment that may be included in either of the 
vehicles of Figs. 1 and 11 wherein the duct 10 also has a second plurality or cascade of 
parallel, spaced vanes, but in this case, the second plurality are pivotally mounted to and 
across the exit end 14 of the duct 10. Thus, as shown in Fig. 12, the duct 10 includes the 
first plurality or cascade of blades 15 mounted to and across the inlet end 13 of the duct, 

10 and a second plurality or cascade of blades 35 mounted to and across the exit end 14 of the 
duct 10, also perpendicular to the longitudinal axis of the duct and substantially parallel to 
the longitudinal axis of the vehicle frame. Each assembly or cascade 15, 35 of the vanes 
may be pivoted independently of the other to produce selected side forces or rotary 
moments about the duct's transverse axis 10b for pitch or roll control of the vehicle. 

15 [0073] This is more clearly shown in the diagrams of Figs. 13a- 13d. Thus, when the 
two cascades of vanes 15, 35, are pivoted in opposite directions, they produce a rotary 
moment about the transverse axis 10b of the duct 10 in one direction (e.g., counter- 
clockwise as shown in Fig. 13a); when they are pivoted in the same direction, they produce 
a side force in one direction (e.g. left) as shown in Fig. 13b when pivoted in opposite 

20 directions but opposite to the arrangement shown in Fig. 13a, they produce a rotary 
moment in the opposite clockwise direction as shown in Fig. 13c; and when they are 
pivoted in the same direction but opposite to that shown in Fig. 13b, they produce a side 
force in the opposite (e.g. right) direction, as shown in Fig. 13d. 

[0074] Fig. 14 is a top view illustrating another construction of ducted fan propulsion 
25 unit, generally designated 20, including a duct 22 having a plurality of vanes 24 extending 
across the inlet end of the duct. In this case, the vanes 24 are divided into a first group of 
parallel vanes 24a extending across one-half the inlet end of the duct 22, and a second 
group of parallel vanes 24b extending across the remaining half of the inlet end of the duct. 
[0075] Fig. 14 also illustrates the nose 26 of the propeller within the duct 22. The 
30 propeller is rotatably mounted within the duct 22 about the longitudinal axis of the duct, 
with the nose 26 of the propeller centrally located at the air inlet end of the duct such that 
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the air discharged at a high velocity through the opposite end of the duct creates an upward 
lift force. 

[0076] As shown in Fig. 14, the first group of parallel vanes 24a extending across one 
half of the inlet end of the duct 22 are pivotal about axes 25a at a predetermined acute 
angle a with respect to the longitudinal axis 20a of the vehicle frame and thereby of the 
direction of movement of the vehicle as shown by arrow 27; and that the second group of 
parallel vanes extending across the remaining half of the inlet end of the duct are pivotal 
about axes 25b at the same predetermined angle a 5 but in the opposite direction, with 
respect to the longitudinal axis 20a of the vehicle frame. The two groups of vanes 24a, 24b 
are selectively pivotal to produce a desired net horizontal control force in addition to the 
lift force applied to the vehicle. 

[0077] The foregoing operations are illustrated in the diagrams of Figs. 15a and 15b. 
Both Fig. 15a and 15b illustrate the control forces generated when the vehicle includes two 
ducted fan propulsion units 20, 30, at the opposite ends of the vehicle and coaxial with the 
vehicle longitudinal axis 20a. It will be appreciated that comparable forces are produced 
when the vehicle is equipped with only one ducted fan propulsion unit shown in Fig. 14. 
[0078] Fig. 15a illustrates the condition wherein the two groups of vanes 24a, 24b are 
pivoted to equal angles about their respective axes 25a, 25b. The vanes thus produce, in 
addition to the lift force, control forces of equal magnitude and angles on opposite sides of 
the vehicle longitudinal axis 20a, so as to produce a net force, shown at Fa, coaxial with the 
vehicle longitudinal axis 20a. 

[0079] The two groups of vanes 34a, 34b of the rear propulsion unit 30 are pivotal in 
the same manner about their respective pivotal axes 35a, 35b, and thereby produce a net 
force Fa also coaxial with the vehicle longitudinal axis 20a. 

[0080] Fig. 15b illustrates a condition wherein the two groups of vanes 24a, 24b in the 
fore propulsion unit 20, and the two groups of vanes 34a, 34b in the aft propulsion unit 30, 
are pivoted about their respective axes to unequal angles, thereby producing net side forces 
Fb at an angle to the vehicle longitudinal axis 20a. Thus, by controlling the pivot angles of 
the vanes 24a, 24b and 34a, 34b about their respective pivotal axes, a net control force may 
be generated as desired in the plane of the vanes. 
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[0081] Fig. 16 illustrates a ducted fan propulsion unit, generally designated 40, also 
including two groups of vanes 44a, 44b, extending across one-half of the inlet of the duct 
42 and pivotally mounted about axes 45a, 45b at a predetermined angle, (e.g., 45°) to the 
longitudinal axis 40a of the vehicle. In this case, however, the vanes 44a, 44b are oriented 
5 in the forward direction, rather than in the aft direction as in Fig. 14, but the operation, and 
the forces generated by the vanes, are basically the same as described above with respect to 
Figs. 14, 15a, 15b. 

[0082] Fig. 17-Fig. 18 illustrate that forces produced by non-pivotal vanes are 
basically the same as those produced by pivotally mounted vanes as shown in Figs. 12 and 
10 13. 

[0083] Figs. 19-20 illustrates the schematic flow profile when the vanes are 
operational and non operational. 

[0084] Fig. 21 illustrates the schematic cross section of the duct with twisted vanes. 
Vanes 15 are untwisted near the center of the duct and twisted near the surface of edge 13 
15 of the duct where the affected flow field 40 is schematically shown. A schematic fluidic 
control means 41 incorporated into the inner surface of the duct is affecting the flow field 
in the vicinity of the duct wall. 

[0085] Fig. 22 illustrates a condition where distortion of the exit flow from a ducted 
fan propulsion unit can occur in the vicinity of the ground. Shown schematically in the 

20 cross section at Fig. 22a is the normal flow through the duct when the ducted fan 
propulsion unit is far from the ground shown schematically as 2205. The air 2201 enters 
the duct through the intake where vanes such as 2202 are oriented in line with the incoming 
streamlines. The air exits at the bottom with streamlines 2204 generally pointing straight 
down. Therefore, vanes such as 2203 are also oriented vertically, parallel with the flow. 

25 Shown at Fig. 22b is the flow through the same ducted fan propulsion unit at vicinity to the 
ground. While streamlines entering the duct remain generally in the same form as in the 
previous case, the flow at the exit changes materially, as streamlines shown schematically 
at 2206 assume an outwardly manner for the air to continue flowing in the presence of the 
ground. Also shown in Fig. 22b is a region of the flow 2207 where the change in angularity 

30 of the flow is such that vanes immersed in the flow in that region may be subject to stall, 
loss of aerodynamic effectiveness and high drag, all of which are shown schematically as 
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detached vortices at 2208. The schematic illustration Fig. 22c shows that if the vanes that 
have been subject to flow separation due to change in streamline direction are rotated to 
align themselves to 'zero' position with the local flow angularity such as shown at 2209, 
then the flow exiting the duct and shown schematically at 2010 will remain attached to said 
5 vanes and the vanes will remain fully effective as aerodynamic controls with no additional 
drag similar to their operation when the ducted fan propulsion unit is far from the ground 
as shown in section Fig. 22a. It should be mentioned that best results of these vanes are 
expected when each vane is installed with a separate actuation means so that it can be 
positioned and rotated individually to a different angle for aligning itself with the local 

10 flow. However, even if these vanes are selected to be formed into groups and rotated 
together, mostly to save the trouble of rotating each vane separately, then still, a local 
average streamline can be used as a guideline for the central vane in the group. Other vanes 
in that group may still see some angularity, but not large enough to cause flow separation 
and loss of effectiveness. It should also be noted that the reason for such rotation of the 

15 vanes to the local streamlines is only for establishing each vane's "zero" position, from 
which each vane can be further rotated to each side typically up to stall, about 10-12 
degrees, in order to perform its function as a control vane in the ducted fan propulsion unit 
as described above herein. It should further be noted that the angle by which each vane or 
group of vanes should be rotated to keep them substantially aligned with the flow can be 

20 determined either through measurements in real time by sensors mounted in the duct or be 
pre-set, based on analysis or parametric testing of the ducted fan propulsion unit or similar 
ducted fan propulsion units for various combinations of distance from ground and duct 
flow conditions. It should be appreciated that the application illustrated in Fig. 22 is valid 
either when the vanes move individually, move in clusters, some fixed while others move, 

25 or a combination thereof, or also when non-pivotal vanes are used, to preserve smooth and 
undetached flow on each such non-pivotal vane as long as fluidic control means such as air 
suction or blowing through orifices on the surface of the vanes or piezoelectric actuators to 
avoid or reduce separation of the flow on each non-pivotal vane are employed as required 
by the local streamline direction near each vane. It should be further appreciated that such 

30 fluidic control means to avoid or reduce separation of the flow can be applied on or in 
combination with pivotal vanes as well. 
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[0086] Fig. 23a illustrates an arrangement of control vanes that is an alternative to the 
generally "in-line" arrangements such as in Figs. 1 and 2. The arrangement of Fig. 23a is 
applicable to either the inlet or exit end of ducted fan propulsion units whereas the other 
end may have a same or different arrangement. Shown at 2301 is a ducted fan propulsion 
5 unit similar to the one shown in Fig. 2, except that rows of vanes are arranged in "pie slice" 
segments 2302 of the duct, where the vanes in each slice, preferably being substantially 
perpendicular to the bisecting radius of the segment, span the slice from edge to edge to 
common supports 2304 for the vanes, said supports being aligned radially relative to the 
center of the duct. The number of segments can vary, but typical of this arrangement is 

10 between 4 and 8 segments, with 8 shown for illustration purposes in Fig. 23a, Fig. 23b 
illustrates any one of eight cross sections in Fig. 23a that could be done perpendicular to 
the vanes. As shown schematically, the upper vanes are optionally tilted as in Fig. 21, 
while the lower vanes are shown as in Fig. 22a. It should be appreciated that the total tilt is 
a combination of the tilt for 'zero' position to align with the local flow, and the tilt to each 

15 side typically up to stall, about 10-12 degrees, to perform its function as a control vane. It 
should be further noted that a disposition of vanes as shown in Fig. 23a has an additional 
benefit where, selective rotation of the lower (exit) vanes in a manner very similar to that 
shown in Fig. 22c may be used to concentrically control the expansion or contraction of the 
diameter of the slipstream wake downstream of the duct which affect the average velocity 

20 of the wake with corresponding influence on the pressure acting upstream on the exit 
section of the duct also having an effect on the overall lift performance of the duct. 
Potential benefits of said control system are reduction of high speed flow area of the wake 
blowing at people or objects on the ground, or alternatively increasing the wake diameter 
and reducing the airflow to gain additional positive pressure increment acting upward on 

25 the duct exit section with a corresponding increase in lift. The vanes can be deflected up to 
their maximum operating range before vanes stall occurs. It should be further mentioned 
that the application illustrated in Fig. 23 a is also valid if non-pivotal vanes are used, to 
preserve smooth and undetached flow on each such non-pivotal vane as long as means such 
as air suction or blowing through orifices on the surface of the vanes or piezoelectric 

30 actuators or other fluidic control means to avoid separation of the flow on each non-pivotal 
vane are employed as required by the local streamline direction near each vane. It will also 
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be appreciated that in case the vanes in Fig. 23a can be rotated to inclination of a wide 
angle typically up to 45 degrees or so to either side, it will enable them to substantially 
align with the combined velocity of the incoming free-stream air and the velocity induced 
by the duct when the duct is moving forward or sideward, both velocities being 
5 substantially perpendicular in direction, and at higher moving speed substantially similar in 
magnitude. Such wide rotation capability of the vanes would make the arrangement of Fig. 
23 a attractive at both the exit end and at the inlet end of the duct thus improve the sideward 
and forward flight capability of the ducted fan vehicle. This rotation capability enables the 
duct to optimally enjoy both the improved sideward and forward flight capability, similar 
10 to that of vanes parallel to the longitudinal axis of the vehicle, and the improved flows in 
vertical flight, as described hereinabove. It should further be noted that once the vanes are 
rotated to align themselves with the local flow, they can then be further rotated, such as 
typically up to stall, about 10-12 degrees, to perform the control function, as described 
hereinabove. 

15 [0087] Also, it will be noted that the 'pie slice 1 arranged vanes, as described 
hereinabove, at the exit side of the duct which are substantially perpendicular to the 
direction of the flight can for higher flight speeds be further rotated beyond the 45 degrees 
inclining the flow stream at the exit from the duct further backwards in order to reduce the 
momentum drag. 

20 [0088] It should be further appreciated that the typical up to 10 - 12 degree angle 
described herein is characteristic of vanes that are typically at distance from each other of 
one chord length. When the distance between the vanes is controlled and becomes smaller, 
whether predetermined or variable along the supports of the vanes, the stall angle may 
become higher typically up to 30 degrees with corresponding increase in expansion of the 

25 wake. 

[0089] Thus, the present invention described hereinabove with reference to Figs. 1-21 
may employ the vane configuration described with reference to Figs. 22-23, in which the 
vehicle of Figs. 1-21 includes: 

[0090] A VTOL vehicle comprising: a vehicle frame; a duct carried by the vehicle 
30 frame with the longitudinal axis of the duct perpendicular to the longitudinal axis of the 
vehicle frame; a propeller rotatably mounted within the duct about the longitudinal axis of 
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the duct to force an ambient fluid through from its inlet at the upper end of the duct through 
its exit at the lower end of the duct, and thereby to produce an upward lift force applied to 
the vehicle; and a plurality of spaced vanes, such as having an airfoil cross section or an 
elliptical cross section, selectively pivotally or non-pivotally or their combination, mounted 
5 to and across the inlet end of the duct either about and substantially parallel to said 
longitudinal axis of the vehicle frame or arranged in "pie slice" segments of the duct, where 
the vanes in each slice preferably being substantially perpendicular to the bisecting radius 
of the segment, and span the slice from edge to edge, Hie vanes pivoting and/or having 
means of affecting the ambient fluid either through the vanes or in vicinity of vanes, 

10 thereby affecting flow around the vanes to generate desired horizontal force component to 
the lift force applied to the vehicle; and similar vanes arranged in "pie slice" segments of 
the duct, where the vanes in each slice preferably being substantially perpendicular to the 
bisecting radius of the segment, and span the slice from edge to edge, said arrangement 
located at the exit end of the duct. 

15 [0091] It will be appreciated that any of the foregoing arrangements may be used in 
any of the above-described air vehicles to produce the desired control forces in addition to 
the lift forces. The vanes are not intended to block air flow, but merely to deflect air flow 
to produce the desired control forces as well as improve flight and hover capabilities of the 
vehicle. Accordingly, in most applications the pivotally mounted vanes, after reaching the 

20 zero' position, would be designed to be pivotal no more than typically up to about 10-12 
degrees in either direction, which is the typical maximum angle attainable before flow 
separation. The non-pivotal vanes would be designed with their cross section longitudinal 
axis substantially parallel to the longitudinal axis of the duct and preferably adjusted to 
variations in local flow angularity, either through mounting of the complete vane at an 

25 angle to the longitudinal axis of the duct, or by using a vane that is twisted along its 
longitudinal axis, or alternatively the non-pivotal vanes are arranged in r pie slice 1 segments 
of the duct, to match with greater accuracy the local angularity of the incoming or outgoing 
flow, or by combining both angular mounting and built-in twist as required for generating 
in the most effective manner the side forces to produce desired forward, aft, left and right 

30 translation movements, as well as yaw, pitch and roll rotary movement of the vehicle, and 
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also its enhanced lift performance far from ground and improved ground effect behavior, 
and improved forward flight and side movement 

[0092] Since the control forces and moments are generated by horizontal components 
of the lift forces on the vanes themselves, the vanes should preferably be placed on the 
5 intake side of the propeller as far from the center of gravity of the vehicle as possible for 
creating the largest attainable moments. The same applies if vanes are provided on the exit 
side of the ducts. 

[0093] While the invention has been described above particularly with respect to air 
vehicles, it will be appreciated that the invention, or various aspects of the invention as 

10 described above, can also be advantageously used with other types of vehicles such as sea 
vehicles, to provide propulsion and directional control to the vehicle. 
[0094] Accordingly, while the invention has been described with respect to several 
embodiments, it will be understood that these are set forth merely for purposes of example, 
and that many other variations, modifications and applications of the invention may be 

15 made. 
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CLAIMS 

WHAT IS CLAIMED IS: 

1. A method of improving aerodynamic flow through a ducted fan of a VTOL 
vehicle when the VTOL vehicle is in proximity to the ground, the ducted fan comprising an 
open-ended duct, having an inlet end and an outlet end; a propeller mounted within said 
duct between said inlet and outlet ends; and a first plurality of vanes extending across the 
inlet end of the duct; the method comprising: 

(a) adding a second plurality of vanes across the outlet end of the duct, said second 
plurality of vanes being pivotally adjustable about axes parallel to longitudinal axes of said 
second plurality of vanes; and 

(b) pivotally adjusting at least some of said second plurality of vanes to 
substantially match angularity of flow exiting the duct caused by the flow impinging on the 
ground. 

2. The method of claim 1, wherein step (a) is carried out by arranging all of said 
second plurality of vanes parallel to each other. 

3. The method of claim 1 wherein step (a) is carried out by arranging said second 
plurality of vanes in pie-slice-shaped segments about a center axis through the duct. 

4. The method of claim 3 wherein said second plurality of vanes are arranged in 4 
to 8 segments. 

5. The method of claim 3 wherein step (b) is carried out by adjusting vanes of said 
segments concentrically. 

6. The method of claim 1 further comprising: 

(c) twisting at least some of said first plurality of vanes in areas adjacent a 
peripheral edge of the duct to adjust their respective planes of symmetry to local variations 
in flow into the inlet end of the duct. 
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7. The method of claim 1 wherein each of said second plurality of vanes is 
provided with an individual adjustment actuator. 

8. The method of claim 1 wherein said second plurality of vanes are adjustable in 
5 clusters. 

9. Hie method of claim 3 wherein, for each segment, the vanes are substantially 
perpendicular to a bisecting radius of the segment 

10 10. The method of claim 1 wherein step (b) is carried out by adjusting plural vanes 

in each of said first and second pluralities of vanes. 

11. The method of claim 3 wherein step (b) is carried out by pivotally adjusting 
said second plurality of vanes up to a degree sufficient to enable said second plurality of 

15 vanes to substantially align with a combined velocity of incoming free-stream air and 
velocity induced by said duct when said duct is moving forward or sideward. 

12. The method of claim 11 wherein step (a) is carried out by also arranging said 
first plurality of vanes in pie-slice-shaped segments about said center axis and wherein step 

20 (b) is carried out by pivotally adjusting both said first and second pluralities of vanes up to 
at least about 45° to thereby enhance sideward and forward flight capability of said vehicle. 

13. The method of claim 3 wherein step (b) is carried out by selectively rotating 
vanes of said second plurality of vanes to concentrically control expansion or contraction 

25 of the diameter of a slipstream wake downstream of said duct. 

14. A method of improving aerodynamic flow through a ducted fan of a VTOL 
vehicle when the VTOL vehicle is in proximity to the ground, the ducted fan comprising an 
open-ended duct having an inlet end and an outlet end; a propeller mounted within said 

30 duct between said inlet and outlet ends and a first plurality of vanes extending across the 
inlet end of the duct; the method comprising: 
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(a) adding a second plurality of vanes across the outlet end of the duct; and 

(b) providing means for adjusting flow along said second plurality of vanes to 
substantially match angularity of flow exiting the duct caused by the flow impinging on the 
ground 

15. A vehicle comprising: 
a vehicle frame; 

a duct carried by the vehicle frame with the longitudinal axis of the duct 
perpendicular to the longitudinal axis of the vehicle frame; 

a propeller rotatably mounted within the duct about the longitudinal axis of the 
duct to force an ambient fluid therethrough from its inlet at the upper end of the duct 
through its exit at the lower end of the duct, and thereby to produce an upward lift force 
applied to the vehicle; 

a first plurality of spaced vanes mounted to and across the inlet end of the duct 
about pivot axes perpendicular to the longitudinal axis of the duct and selectively 
operational to produce a desired horizontal control force in addition to the lift force applied 
to the vehicle; and 

a second plurality of vanes across the outlet end of the duct selectively rotatable 
to align substantially with the transverse outflow stream lines to prevent separation of the 
flow on said vanes and retain the control effectiveness of the vanes near ground. 

16. The vehicle of claim 15 wherein said first and second plurality of vanes are 
arranged substantially parallel to a longitudinal axis of the vehicle. 

17. The vehicle of claim 15 wherein one of said first and second plurality of vanes 
are arranged in pie-slice-shaped segments about a center axis of the duct. 

18. The vehicle of claim 17 wherein said one of said first and second plurality of 
vanes comprises said second plurality of vanes. 
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19. The vehicle of claim 15 wherein said second plurality of vanes are individually 
adjustable. 

20. The vehicle of claim 15 wherein clusters of said second plurality of vanes are 
5 separately adjustable. 

21. The vehicle of claim 17 wherein vanes of each segment are substantially 
perpendicular to a bisecting radius of the segment. 

10 22. The vehicle of claim 17 wherein said second plurality of vanes are arranged in 

4 to 8 segments. 

23 . A vehicle comprising: 

a vehicle frame; 

15 a duct carried by the vehicle frame with the longitudinal axis of the duct 

perpendicular to the longitudinal axis of the vehicle frame; 

a propeller rotatably mounted within the duct about the longitudinal axis of the 
duct to force an ambient fluid therethrough from its inlet at the upper end of the duct 
through its exit at the lower end of the duct, and thereby to produce an upward lift force 

20 applied to the vehicle; 

a first plurality of spaced vanes mounted to and across the inlet end of the duct 
about pivotal axes perpendicular to the longitudinal axis of the duct and selectively 
operational to produce a desired horizontal control force in addition to the lift force applied 
to the vehicle; 

25 a second plurality of vanes across the outlet end of the duct; and 

means for influencing flow across said second plurality of vanes to reduce 
separation of flow from said vanes as required by local streamline direction near each said 
vane under conditions when flow exiting the duct impinges on the ground. 



30 24. The vehicle of claim 23 wherein vanes in said second plurality of vanes are 

non-pivotal. 
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25. The vehicle of claim 23 wherein said first and second plurality of vanes are 
arranged substantially parallel to a longitudinal axis of the vehicle. 

26. The vehicle of claim 23 wherein one of said first and second plurality of vanes 
5 are arranged in pie-slice-shaped segments about a center axis of the duct. 

27. The vehicle of claim 26 wherein said one of said first and second plurality of 
vanes comprises said second plurality of vanes. 

10 28. The vehicle of claim 26 wherein vanes of each segment are substantially 

perpendicular to a bisecting radius of the segment. 

29. The vehicle of claim 26 wherein vanes of said second plurality of vanes are 
each pivotally adjustable at least to about 45°. 

15 

30. The vehicle of claim 26 wherein both said first and second plurality of vanes 
are arranged in pie-slice-shaped segments about a center axis of the duct, and wherein 
vanes of said first and second plurality of ducts are each pivotally adjustable at least to 
about 45°. 

20 
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